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ABSTRACT 
TECHNIQUES FOR INDUSTRIAL IMPLEMENTATION OF EMERGING 
SEMANTIC TECHNOLOGIES 
 
FEBRUARY 2012 
JAY T. BREINDEL, B.S., WORCESTER POLYTECHNIC INSTITUTE 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Ian Grosse and Professor Sundar Krishnamurty 
Techniques for the industrial implementation of emerging semantic technologies 
are presented in this research.  Every new design, project, and procedure within a 
company generates a considerable amount of new information and important knowledge.  
Furthermore, a tremendous amount of legacy knowledge already exists within companies 
in electronic and non-electronic formats.  All of this generated knowledge results in the 
need for tools and techniques to represent, structure, and reuse this knowledge.  
Researchers have spent considerable time and effort developing semantic knowledge 
management systems, with anticipation that these tools will address these knowledge 
management needs.  However, little has been done to implement these systems within an 
industrial setting.   
In this thesis, we identify five main requirements for the development of an 
industry-ready, semantic knowledge management system, and we discuss how each of 
these requirements can be methodically addressed. The five requirements include the 
incorporation of legacy information, the ease of new knowledge management software 
adoption, the robustness of the software to support multiple file types and allow for the 
sharing of information across platforms, the security of the stored information, and the 
ease of use of the user interface.  In collaboration with Raytheon, a defense and aerospace 
vi 
 
systems company, we developed and demonstrated a novel approach for the successful 
adoption of semantic abilities by a commercial company.  Salient features of this work 
include a new tool, the e-Design MemoExtractor Software Tool, custom designed to mine 
and capture company information, a Raytheon-specific ontology extension to the e-
Design Framework, and a novel semantic environment in the form of a customized 
semantic media wiki SMW+.  The advantages of this approach and the associated 
research issues are discussed in the context of the industrial case study with Raytheon.  
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CHAPTER 1 
 
 INTRODUCTION 
  
Semantic knowledge frameworks have been researched with anticipation that they 
will increase knowledge management capabilities with the use of classification 
hierarchies and advanced content based searching [1-6].  Research at the University of 
Massachusetts Amherst and the National Science Foundation Center for e-Design has 
resulted in the e-Design Framework comprised of a suite of ontologies focused on 
conceptual design, engineering analysis, optimization, and decision making.  This 
ontological framework has the ability to enable the capturing and sharing of knowledge 
associated with engineering design.  While the development and potential advantages of 
ontologies has been heavily studied, the implementation of semantic frameworks for 
industry use has been limited. 
Even with the large potential utility associated with ontologies, there has been a 
lack of adoption of these semantic frameworks.  This lack of adoption is especially 
prevalent by groups, such as industry, which these techniques are most anticipated to 
assist.  The apparent lack of adoption seems to be a result of ontologies being too generic 
and not being directly applicable to specific industry problems.  To overcome this lack of 
adoption, a general implementation approach is needed.  Requirements for an 
implementation plan include the specification and application of an ontology to an 
individual company and a specific problem.  This research addresses this need for an 
implementation plan, identifies requirements associated with the industrial integration of 
semantic technologies, proposes an overall implementation approach and provides 
methods to successfully address the identified requirements. 
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1.1 Research Objective 
The objective of this research was to provide a rationale for ontology-based 
framework use within industry, identify the main obstacles involved with this adoption, 
and develop a process to enable industrial implementation of semantic technologies. 
 
1.2 Research Challenges 
The vast majority of research revolved around ontology-based frameworks has 
been focused on the potential benefits and development of the semantic systems 
themselves.  While the benefits have been shown time and time again, a gap has been left 
between the demonstration of ontological abilities and the actual adoption of ontologies 
by groups, especially industry, which semantic knowledge databases were developed to 
assist.  There has been very limited research directed towards the explanation of 
industry’s lack of semantic technique adoption. 
This lack of related research left a major research challenge when developing a 
plan for industrial adoption of semantic techniques and technologies.  This challenge was 
to identify the major reasons that have caused the limited implementation of ontology-
based knowledge frameworks within industry. This challenge necessitated in depth 
research along with cooperation from an industry member.  The cooperation of an 
industry member allowed for the identification of specific obstacles that have led to the 
lack of semantic technology implementation within that individual company.  Further 
research allowed our team to take into consideration any additional obstacles faced by 
other industrial commercial processes. 
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The second main challenge of this research was to find a real industry problem for 
application our semantic techniques.  Once again, this challenge required the cooperation 
of an industry member.  Not only did an industry member need to have a problem that 
required the capabilities of semantic technologies, but it was also necessary that they be 
willing to collaborate on specific parts of the project to ensure its full success.  This 
collaboration had been difficult in the past and was a clear challenge to the successful 
completion of this project. 
Further challenges will be specific to each individual case of implementation.  
Due to this, an additional main challenge of this research was to provide as broad of a 
plan as possible for the adoption of semantic technologies within industry.  This general 
plan was demonstrated through a specific case study example.  A broad implementation 
plan will allow for the customization to meet specific needs in future applications.  It was 
important to meet all of these challenges through the course of this project. 
 
1.3 Research Approach 
To overcome the challenges presented in Section 1.2, the overall research 
approach was split into two distinct and important portions.  They are as follows: 
1) Identify the needs of industry and obstacles associated with semantic technology 
implementation. 
2) Develop a solution to a real industry problem utilizing our semantic techniques 
and emerging semantic technologies. 
This approach was expected to result in many key benefits, including several 
important immediate benefits for our industry partner, Raytheon.  These immediate 
benefits included improved organization of engineering knowledge and an intuitive, 
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searchable knowledgebase of key engineering information.  In addition, there will be 
several potential long-term benefits, including the identification of an overall plan for 
implementing ontology research into a commercial design process, a suite of example 
methods to address the requirements of semantic framework implementation, and an 
identified set of required resources associated with such implementation. 
 
1.4 Scope 
Managing the information for an entire company is a challenging and improbable 
task.  This research, instead, focused on providing a small case study on the industrial 
adoption of semantic technologies and the ways these methods can be expanded to apply 
to a larger group.  Background on the semantic enhancement of a recently developed 
knowledge management tool was concerned with one individual knowledge management 
tool.  Rather than apply our semantic techniques to the knowledge management system of 
an entire company, the case study collaborated with an individual Raytheon department 
within the mechanical engineering directorate. 
 
1.5 Organization of Thesis 
This introduction section provided details surrounding the research objective, 
challenges, approach and scope of this project.  Background information on the need for 
advanced knowledge management and ontology development is provided in Chapter 2.  
The literature review in Chapter 3 includes reviews and discussion on related research, 
along with details on emerging semantic technologies.  Finally, the conducted research, 
structured in two research tasks, is provided in Chapter 4.  A research summary and 
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future work regarding this research are given in Chapters 5 and 6 of this document, 
respectively.   
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CHAPTER 2 
 
BACKGROUND 
 
2.1 Need for Advanced Knowledge Management 
Different applications have different motivation to move to advanced knowledge 
management.  Along with general reasons, this section will also focus on the motivation 
from the field of finite element analysis and the standpoint of commercial business and 
industry. 
 
2.1.1 General Reasons 
As technology has improved, the complexity of engineering design has drastically 
increased.  Advancements in technology have led to larger file storage capacities and 
increased computing power.  Increased computing power has enabled the successful 
processing of larger and more complex simulations and analyses.  Newer computing 
systems have the ability to handle large simulations at much greater speeds.  The 
significant amount of knowledge generated from these large simulations has resulted in 
the need for advanced knowledge management techniques.   
The ability to run larger and more complex analyses has also resulted from the 
increase in storage capacity.  Central servers have allowed the collection of many files in 
one central database.  As opposed to various storage closets and filing cabinets, paper-
copy documents can be scanned and stored in electronic form on a hard drive.  Many 
different types and various formats of information can be stored together in one universal 
database.  Organizing and structuring the various formats causes another need for the 
utilization of emerging information technologies. 
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Another positive result associated with advancements in technology is the 
increased abilities for distributed design.  Distributed design can be separated into two 
categories.  The first of these categories is geographically distributed design.  These days, 
collaborative efforts often include a team of individuals that are geographically dispersed.  
Technology has made it possible to collaboratively design a product without an entire 
team all being present in the same room, building, state, or even country.  The ability to 
capture and reuse knowledge to allow all collaborative team members the opportunity to 
fully understand a project has become increasingly important. 
The second type of distributed design is domain distributed design.  This 
constitutes collaboration across various disciplines such as engineering and biology.  As 
will be discussed in greater detail in Section 2.1.2, technology has allowed biologists to 
utilize tools for experiments that, until recently, were solely used in engineering.  
Collaboration across disciplines has provided even more necessity for a common and 
advanced method to manage generated information and knowledge.  Many domains have 
their own needs for advanced knowledge management.  Even within engineering, 
specialized fields such as finite element analysis, optimization, manufacturing, and 
decision making have their own specific needs. 
 
2.1.2 Finite Element Analysis Motivation 
One relevant field that shows the specific needs of advanced knowledge 
management is finite element analysis.  In finite element analysis, models, i.e. 
abstractions of the physical world, are used to predict system effects and outcomes, such 
as stress and strain distributions.  Although abstractions that result in singularities, such 
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as point loads and perfectly sharp corners, do not exist in the real world, they are often 
created in an effort to minimize modeling costs. Indeed, a model that is a perfect 
representation of a system is not only unreasonable but theoretically impossible.  Thus, 
with cost and time critical factors in a design process, simplifications in modeling are 
necessary in engineering analyses. 
It is common for engineers to collaborate on a design project.  Simulation 
information and team members are often dispersed throughout a company both 
geographically and disciplinarily (areas of expertise), which leads to a need for a 
common way to share files and knowledge [7].  With efficiency and cost becoming 
increasingly important in engineering design, the ability to capture and reuse knowledge 
is critical for streamlining project collaboration.  Amid large amounts of data constantly 
generated during engineering simulations, more time should be spent on modeling and 
solving complex problems as opposed to the categorization and storage of data and 
information. 
Throughout a design process, engineers constantly modify and change models.  
With each of these modifications come design assumptions and the reasons behind each 
assumption.  One example of this relates to the development of an escalator drive unit 
module [8].  To construct the FEA model for this design, many modeling assumptions 
needed to be made.  Two examples of these assumptions are that some metal components 
were modeled as rigid surfaces and that the belt was modeled as a pseudohomogeneous 
single material.  In reality, the metal components are not completely rigid and the belt is 
made out of embedded steel cords in a matrix of polyurethane.  To represent the escalator 
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drive unit module in a two dimensional FEA model, however, these assumptions are 
important and necessary. 
Many assumptions are also associated with the common engineering analysis 
method of beam theory.  When FEA models are developed around beam theory, it is 
often not clear which order of beam theory is used as well as why certain assumptions are 
valid for a particular model.  To utilize Euler Bernoulli beam theory in this regard, two 
major kinematic assumptions are used: 1) plane sections continue to exist as plane 
sections after bending and 2) plane cross-sections that, before deformation, are 
orthogonal to the beam’s neutral axis remain plane and normal to the deflected axis upon 
deformation [9].  These major kinematic assumptions allow for the simple calculations of 
stress and strain for the beam material.  This is just one example of the numerous 
assumptions associated with all orders of beam theory.  With the prevalence of beam 
theory in civil engineering design, it is necessary to have the ability to completely 
understand design intentions, assumptions, and justifications for a finite element model. 
Often in engineering design, it is required to make assumptions in order to obtain 
a convergent solution for a model.  Most actual geometries cannot be modeled exactly as 
they exist in reality, which causes the need for modeling abstractions.  An example of this 
is, and another ambiguous assumption found in engineering, relates to the analysis of 
crack formation in concrete [10].  For this analysis, it was assumed that all stresses acted 
across a crack so long as the crack was narrow.  It is very unlikely in real world situations 
that stresses and forces act completely in one direction, such as the transverse direction 
assumed for this analysis.  These assumptions were made to simplify the model and 
ensure that convergent results could be obtained.  These examples are only a few of the 
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numerous assumptions that are involved in every finite element model.  With each 
engineering model revolving around different and specific assumptions, it is clear that the 
design and modeling idealizations associated with the ability to understand each model 
play a pivotal role in project collaboration. 
As the frequency of finite element analysis within biological domains increases, 
more and more modeling techniques will occur.  Similar to engineering, many finite 
element analyses in biology are meant to determine the overall strength and efficiency of 
a biological structure [11].  At times even more so than in engineering, modeling 
techniques are necessary in many biological applications due to the irregular shapes 
encountered within the realm of biology [12].  For instance, in biology, finite element 
analysis has been used to study the differences between morphology of skulls.  The 
differences in shape and bite forces have been linked to diet and possibly evolution for 
related mammals [12, 13].  Although FEA is only a recent advancement for biologists, its 
importance in feeding mechanics research has already shown much promise [14]. 
Much research has focused on the effects of bite forces on animal skulls [11-15].  
The first step to develop a skull model is the compilation of micro-CT scans of the 
desired skull.  Next, a mesh is created in a 3-D imaging software such as Mimics.  3-D 
imaging software tools allow the creation of a three-dimensional model from two-
dimensional image data.  The 3-D image is then imported into a 3-D editing program 
such as Geomagic Studio.  3-D editing programs allow for the user to smooth rough 
model edges, round sharp corners, and fill holes and gaps.  These techniques ensure that 
the model will be able to be meshed.  The edited *.stl files are then once again imported 
into a meshing program such as Mimics to create a volume mesh.  Once this has been 
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completed, the file is imported into a finite element analysis program, Strand7™ for 
instance, where it can be analyzed. 
With a solid finite element mesh, modeling assumptions must be made to allow 
analyses to be performed.  The assumptions that are made can range from the locations 
and directions of the applied muscle forces to the material properties of the skull [12].  
Often in these morphological studies there is a lack of sufficient actual data to model the 
simulations around.  Assumptions are made to remove the effects of size from the models 
and compare only the difference in shapes.  This removal of size effects can be done with 
the standardization of the ratios between forces and surface area or volume, depending on 
what results are studied [11].  The investigation of shape effects, while dealing with 
insufficient data, can be achieved when the size of the model and loads are scaled.  This 
will obtain a result solely based on differences in shape without regards to the size and 
potential load values for a model [14].  There have been examples which show that the 
scaling method is achievable and accurate for comparative analysis of the stress and 
strain distributions. 
FEA can be used in biology when it is relatively difficult or impossible to obtain 
in vivo information about a certain species.    Without experimental data, material 
assumptions are made to analyze the models.  For modeling simplicity the material 
properties assigned to bone are often isotropic although there is a lack of a consensus due 
to studies which show both isotropic and anisotropic material behavior in bone [11, 12].  
Also, in cases where there is a lack of data that surrounds the bone properties of a certain 
species, material data for a similar species is often used.  In these models, it is also 
common to apply muscle forces as though all muscles work simultaneously and in 
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unison.  These approximations are general, yet very important, assumptions about the 
actual reaction of jaw muscles during the biting process. 
One of the more ambiguous assumptions in regards to skull morphology research 
exists in studies which compare bark-gouging and non-gouging monkeys [11].  Research 
shows that to obtain the necessary exudates from trees, some animals, such as marmosets 
must peel back the bark to stimulate the flow of sap.  Although some other animals, such 
as tamarins, survive off of the same exudates, they do not gouge the bark themselves.  To 
test biologists’ theories, finite element research has been conducted to analyze the 
differences between bark-gouging marmosets and non-gouging tamarins.  A major design 
assumption, however, is involved when the model for the marmoset skulls is developed.  
In addition to the muscles involved in mastication, marmosets also utilize their legs to 
assist in the creation of the forces required for the gouging of the tree bark, while 
tamarins do not.  When calculated, these forces are able to be added to the skull model as 
angled vectors that represent spine and neck muscle forces.  Without previous knowledge 
of this external leg force, one might misinterpret the marmoset model and incorrectly 
make changes that affect the simulation. 
Behind every finite element analysis exists numerous engineering and modeling 
abstractions, assumptions and intentions that allow for the creation of a simple model to 
represent what actually exists.  These assumptions are made for many reasons, including 
simplicity and minimizing the cost of modeling.  With efficiency and cost becoming 
increasingly important in engineering design, the ability to capture and reuse knowledge 
is critical for streamlining project collaboration.  Fully understanding a model and its 
associated knowledge is important for not only human collaboration but also so 
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computers can make inferences about the model.  Computer inferencing allows people to 
reuse and adapt models for similar applications.  Advanced knowledge management 
within the realm of finite element analysis has become increasingly important and will 
continue to do so as models become progressively more complex. 
 
2.2 Ontologies 
Due to the importance of streamlining product development to reduce product 
time to market and product costs, the reuse of engineering design information is critical.  
The ever expanding use of semantic ontologies in the engineering and biological domains 
has shown the increased value of ontologies to capture, store and reuse knowledge.  With 
the size and geographic dispersion of project teams often issues for collaboration, costs 
are relatively high to develop current knowledge base systems [5].  Along with cost, 
current knowledge base systems are also difficult to implement across engineering 
domains due to lack of common semantics when defining the object properties.  The 
main reasons research has moved towards ontologies are to capture and share knowledge 
and information among people or software, to allow for the reuse of knowledge, and to 
make assumptions and intentions explicit to illustrate the intended meaning of terms [1, 
4, 6]. 
Defined by T.R. Gruber in 1995, an ontology is “an explicit specification of a 
conceptualization.  A conceptualization is an abstract, simplified view of the world that 
we wish to represent for some purpose [6].”  Ontologies revolve around properties and 
relationships that are associated with a group of objects or concepts [2].  Prior to 
computer ontology use, researchers had found it extremely difficult to develop a 
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knowledge base that could be utilized by a computer [16].  The use of an ontological 
framework is a way to conceptually represent and share knowledge.  With the definition 
of a standard vocabulary, ontologies allow for the ability to search among commonalities 
in the information, as well as provide a consistent manor to make assertions about related 
objects [6].  With a standard vocabulary, the true meaning of objects can be reused 
between domains and project groups, thus making ontologies a proven method to capture 
and reuse knowledge. 
Other benefits of a common vocabulary are the ability to share knowledge among 
software applications, consequently enabling for software interoperability, and enhanced 
search and retrieval capabilities of the captured information [1, 3, 17].  When different 
systems save properties and objects under a standard convention, the capacity to merge 
and reuse the associated information would be drastically facilitated [5].  This 
interoperability would allow for products and analyses to continue along a project 
workflow without the constant presence of the main designer, as well as shortened design 
processes with the use of the captured design information.  Ontologies have also proven 
their ability to allow more enhanced methods to search information, as opposed to solely 
keyword based search techniques [1].  Ontological frameworks allow engineers to 
navigate through stored information and continually update and focus their search in 
order to retrieve the most relevant and useful content. 
The Engineering Analysis Model (EAM) ontology [8] was developed by 
researchers at the University of Massachusetts Amherst to capture, utilize, and reuse 
engineering analysis modeling knowledge.  The ontology supports all types of 
engineering analysis models, not solely finite element models.  This allows further 
